LIMITATIONS ON GENESIS OF URANIUM ORES, MIDNITE MINE
Age of pluton. U-Th-Pb ages from zircon in porphyritic quartz monzonite exposed in the Boyd 2 pit are 75+2 m.y. Apatite from this locality yields a fission-track age of 69 ± 6 m.y. U-Th-Pb ages from zircon in porphyritic quartz monzonite collected at Turtle Lake are 90+2 m.y. Fission-track ages on apatite and sphene from the Turtle Lake locality are 80+8 m.y. and 82+3 m.y. respectively. Pb isotope systematics. Isotopic analyses of many rock and ore samples indicate that common Pb is enriched (^645 ppm) in pitchblende and coffinite, and that Pb tends to follow the distribution of U. Analyses of barren pelites, pyrrhotite, and K-feldspar from the quartz monzonite show grossly similar Pb isotopic ratios, which are consistent with Pb evolution from a Cretaceous S-type granitic rock formed from crustal rocks. The amount of radiogenic Pb observed is much smaller than would be generated if there was Proterozoic uranium mineralization in the Togo. Figure 1 . Geology of the Midnite Mine.
Age of ores.--Eight high-grade, unoxidized ore samples from drill core and mine exposures yield ^'Pb/" 5U ages in the narrow range from 50 to 52 m.y.
( fig. 2) . The fact that all ore samples examined yield essentially the same date, regardless of location, suggests that the Eocene event was widespread.
Of course we cannot show this for all parts of all ore zones.
Age of Sanpoil Volcanics. Extrusive rocks of the area, and associated feeder dikes, previously termed Gerome Andesite, have been renamed Sanpoil Volcanics, and dated by the potassium-argon method at 51 ± 2 m.y. (Pearson and Obradovich, 1977) . A new K-Ar determination by R. F. Marvin, H. H. Mehnert, and V. Merritt of the USGS (written commun., 1979) on hornblende from a dacite dike in the Boyd 2 pit yielded an age of 51.8 + 3.1 m.y. Fission-track ages from zircon and apatite in the same sample are 47.2 + 1.9 and 47.5 + 3.6 m.y.
respectively, which we interpret to record the same intrusive event.
Post-intrusion alteration. Alteration effects that followed contact (Nash, 1979) . Selection of the 14 freshest samples raises the averages to 17.0 ppm U and 34.7 ppm Th. Sanpoil Volcanics are not notably radioactive and their plutonic equivalents contain about 5 ppm U. It appears that uranium content of zircon can be used to estimate probable rock content and that it is not subject to surface leaching (Silver, 1976) . Uranium content of zircon samples from the porphyritic quartz monzonite averages 4,000 ppm and suggests about 20-50 ppm U originally in the rock.
INTERPRETATION
Three hypotheses of origin discussed previously (Nash, 1977) are limited by the new data reported here. The small amount of radiogenic lead found in analyzed samples of ore, wall rock, and sulfide minerals is additional evidence that the Togo Formation probably did not contain uranium deposits or high concentrations of uranium in the Proterozoic. Available data do not support the hypothesis that Sanpoil Volcanics was a source of uranium for the deposits. We continue to favor the porphyritic quartz monzonite of the Midnite Mine as the source of uranium. We speculate that uranium was derived from the pluton during its intrusion and crystallization about 75 m.y. ago, although no observational evidence exists for many parts of the hypothetical hydrothermal introduction. We propose that the 51-m.y.-old event recorded in U-Pb isotopes of ore samples was one of pervasive redistribution, not primary uranium emplacement and crystallization.
The magmatic-hydrothermal source (Nash, 1977) is preferred despite many unproven aspects. The porphyritic quartz monzonite is the most uraniferous and fertile source rock known in the area (Nash, 1979) and probably supplied most of the uranium. We hypothesize that uranium was introduced into he Togo at about 75 m.y., then remobilized into the present sites at 51 m.y. by nearsurface fluids flowing below Sanpoil Volcanics. Insufficient volume of uraniferous pluton would have been available for leaching in quantity to explain all of the uranium known in the mine area, but a portion of the ores may have been derived by supergene leaching of the pluton. Additional uranium could have been leached from Togo phyllites, particularly if metamorphism liberated syngenetic uranium bound to carbon so that it could be easily , 1979) . Sulfide ion produced from sulfide mineral reactions or decomposition of metastable sulfur species is proposed to be £he reductant for uranium and also the sulfide ion for ore stage pyrite and marcasite.
Formation of marcasite rather than pyrite appears to occur when thiosulfate or sulfite decomposes (Goldhaber and others, 1978) . Partial oxidation is considered to be an important constraint because formation of .the observed reduced sulfide and uranium minerals from sulfate-rich fluids would probably, require biogenic processes and these are not likely in graphitic rocks.
The Eocene age of mineralization and the interpretation that H represents redistribution may have important implications for finding deposits similar to those of the Midnite mine. A characteristic of the magmatichydrothermal mechanism, if it indeed operated, may be a tendency to form low-, grade disseminations that require subsequent upgrading to be economic. In a general sense, several different processes may be possible for upgrading.
Structural traps and iron sulfide appear to be important ingredients, but it is not clear if a volcanic-mild hydrothermal environment is required.
